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INTRODUCTION  AND  IMPORTANCE:  The  hepatic  arteries  may  be subject  to anatomical  variations  that  can
cause  operating  difficulties  with  a risk  of  iatrogenic  vascular  injuries.  A perfect  knowledge  of  anatomy  is
an essential  prerequisite  for both  surgeons  and  interventional  radiologists.
CASE  PRESENTATION:  During  a duodenopancreatectomy  for  a pancreatic  head  tumor  in  a 46-year-old  man,
we  observed  an anatomical  variation  regarding  the  course  of  the  right  hepatic  artery  (RHA).  Indeed,  RHA
arose  from  the proper  hepatic  artery  (PHA)  at the left edge  of  the  hepatoduodenal  ligament  and  instead
of  crossing  the  common  hepatic  duct  (CHD)  posteriorly  which  is  the  usual  course,  it passed  overhead
before  ascending  and  finishing  its course  in  the  liver  hilum.
CLINICAL  DISCUSSION:  Anatomical  variations  of  the  hepatic  arteries  can  be explained  by the  partial  or
complete  persistence  of  the  fetal  model.  Variations  in  the  RHA  may  concern  its number,  origin  or  route.
A  prebiliary  course  of  the RHA  has  been  described  with  a prevalence  ranging  from  15  to 25%  depending
on  series.  The  high  sensitivity  of  Multidetector  Computed  Tomographic  Angiography  (MCTA)  allows
performing  a  complete  vascular  mapping,  which  remains  essential  before  any  Hepato-Pancreato-Biliary

(HPB)  surgery.
CONCLUSION:  This  case  confirms  once  again  the  frequency  of  anatomical  variations  of the  hepatic  arteries,
and underlines  the  value  of  CT Angiography  to  detect  them  in  order  to best  plan  any  HPB surgery,  where
RHA  remains  an essential  anatomical  landmark  that all surgeons  must  keep  in mind  in  order  to  avoid  any
unfortunate  incidents.

©  2021  The  Authors.  Published  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
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1. Introduction and importance

Modern surgery requires a good knowledge of anatomy; this
is especially true when it comes to the liver and its vasculariza-
tion [1]. Anatomical variations of the hepatic arteries within the
small omentum can be a source of operating difficulties, and any
ignorance about them can have serious consequences, particularly
in HPB surgery [1]. The liver is a highly vascularized organ with a
dual vascularization. The portal vein (PV) is responsible for 70% of
the blood supply to the liver while the remaining 30% is delivered
by the proper hepatic artery (PHA) [2]. Knowledge of this vascu-
larization is all the more necessary since variations in the hepatic
artery and its branches are not so rare [3]. Precisely, the develop-
ment of liver transplantation has provided an ideal study model

for liver’s vascularization [4]. In 75% of cases, the common hepatic
artery (CHA) arises from the celiac trunk (CT) by trifurcation, con-
tinues on the left edge of the hepatoduodenal ligament through the
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HA after giving rise to the gastroduodenal artery (GDA); distally,
he PHA divides into right and left hepatic branches [4]. Usually,
he RHA reaches the right edge of the hepatoduodenal ligament,
rossing the common hepatic duct (CHD) posteriorly to finish its
ourse in the liver hilum [4]. Contrary to the distribution of the dif-
erent hepatic arteries, which were described in detail by Michels
n 1955, their trajectory in relation to the extrahepatic biliary tract
as been less so [5]. This paper reports a case of an unusual route of
he RHA and highlights the importance of keeping this type of vari-
tion in mind. The work has been reported in line with the SCARE
020 criteria [6].

. Case presentation

A 46-year-old man  without any particular history, was  referred
o our department for the management of a pancreatic tumor
evealed by cholestatic jaundice. Contrast-enhanced computed

omography revealed a low-density tumor of 28 mm in diameter
ocated in the pancreatic head. In addition, by performing a vas-
ular mapping, we  have noted anterior course of the RHA (Figs.
, 2). The vascular reconstruction images did not show any other
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Fig. 1. CT Angiography: Axial cross-section showing RHA (red arrowhead) crossing
the CHD anteriorly.

Fig. 2. CT Angiography: Sagital cross-section showing RHA (red arrowhead) passing
in  front of the CHD.

s
a
c
l
w
r

3

i
t
f
f
t
a
I
a
m
l
f
a
C
t
h
1
[
p
1

r
t
i
t
l
a
t
i
o
f

Fig. 3. Arterial reconstruction: RHA (red arrowhead) arising from a celiacal PHA.

variations (Fig. 3). Pancreatoduodenectomy was planned; during
lymph node dissection, we found celiac trunk (CT) trifurcated into
left gastric artery (LGA), splenic artery (SA) and finally CHA. The

latter continued by PHA and divided into right and left branches.
The RHA, as described on the CT scan, then crossed the CHD ante-
riorly above the cystic duct junction to ascend along its right edge
towards the hepatic hilum (Fig. 4). The dissection of the RHA was
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Fig. 4. Operative view showing the anterior course of the RHA.

afely completed without injury, allowing the section of the CHD;
nd subsequently, the hepatico-jejunal anastomosis. No other vas-
ular abnormalities were noted and only RHA and LHA irrigated the
iver. The postoperative follow-up was  uneventful and the patient

as discharged on the 8th postoperative day. The histological study
evealed a pancreatic ductal adenocarcinoma.

. Clinical discussion

Hepatic arteries and RHA in particular, can be subject to anatom-
cal variations whose study is far from being abstract, knowing
heir impact on the risk of iatrogenic vascular injuries [2]. There-
ore, a perfect knowledge of anatomy is an essential prerequisite
or both HPB surgeons and interventional radiologists who have
o practice new therapeutic approaches in liver malignancy, such
s Transhepatic Arterial Chemoembolization and Hepatic Arterial
nfusion Chemotherapy [3,7]. The variations in the hepatic artery
re explained by the partial or complete persistence of the fetal
odel. Indeed, during the fetal period, the blood supply to the

iver is mainly ensured by three arteries: CHA from the CT, LHA
rom left gastric artery (LGA) and RHA from superior mesenteric
rtery (SMA). The latter two  atrophy progressively, and only the
HA with its branches will persist [8]. It is to Michels that we  owe
he first detailed description of the anatomical variations of the
epatic arteries based on 200 cadaveric dissections; published in
966, this classification served as a reference for subsequent work
9]. In 1994, Hiatt et al. [4] published a new classification; less com-
lex than the previous one, describing six types from a series of
000 Orthotopic liver transplants (Appendix A).

Variations in the RHA can be related to its number, origin or
oute. A specific terminology is unanimously adopted to describe
hese variations. Thus, RHA is said to be äccessoryẅhen it coex-
sts with a PHA from which it does not originate, and it is said
o be r̈eplacedẅhen it alone provides blood supply to the right
iver in the absence of a celiacal PHA [3]. However, the qualifier
¨ccessorys̈hould be considered with great caution; since, according
o Michels, the terminal and selective character of the hepatic arter-
es does not authorize any sacrifice at the risk of inducing necrosis
f the tributary hepatic territory [8]. Apart from PHA, RHA can arise
rom right gastric artery, GDA, SMA, CT or directly from the aorta

8].

Several authors have described a prebiliary course of the RHA
ith a prevalence ranging from 15 to 25% depending on series [3].

rom a series of 138 cadaveric dissections with arterial latex injec-
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tion, Weiglein [1] observed RHA crossing the CHD anteriorly in 29%
of cases. A recent study conducted at Mahatma Gandhi Medical
College and Research Institute (India) on 60 embalmed adult cadav-
ers showed that RHA had a posterior course in 86.6% of cases and
anterior course in 8.3% of cases [3].

The association of more than one variation is not uncommon;
it can be observed in 46% of cases, prompting greater vigilance
[8]. Honma et al. [5] reported in a 91-year-old male, a RHA aris-
ing directly from CHA and passing over the CHD. In the present
case, except for the abnormal course of the RHA, we found no other
vascular abnormalities.

In addition, it is also important to know the relationship
between hepatic arteries and bile ducts. It is thanks to the work
of Northover and Terblanche [10] that we know better the arte-
rial network around the bile ducts; thus, in a quarter of cases, the
CHD receives its blood supply from the RHA. Consequently, any
damage to both RHA and CHA can cause biliary ischemia that may
compromise hepatico-jejunal anastomosis [11]. However, the exis-
tence of arterial shunts in the hepatic hilum may  avoid right lobe
ischemia despite RHA obstruction as long as the extra-hepatic bile
ducts remain intact [12].

Moreover, in patients undergoing pancreatoduodenectomy, the
presence of these variations does not seem to increase postopera-
tive morbidity or the rate of R1 resection, even with a laparoscopic
approach [11,13]. In our patient, the anterior course of the RHA
was not an obstacle either for resection with negative margins or
for reconstruction.

All these facts highlight the interest of carrying out a vascu-
lar mapping as complete as possible before any HPB surgery, in
search of eventual anatomical variations. For many years, Digital
Subtraction Angiography (DSA) was considered the test of choice
for exploring the celiomesenteric axis [14]. Computed Tomographic
Angiography has come to supplant conventional angiography due
in particular to its performance and non-invasiveness. In a com-
parative study, Takahashi et al. [15] showed a high sensitivity of
Multidetector Computed Tomographic Angiography (MCTA) in the
visualization of small caliber hepatic arteries (100% for RHA and
LHA). Other authors have demonstrated the usefulness of MCTA in
the mapping and detection of vascular abnormalities, particularly
in living donor liver transplantation [16,17].

4. Conclusion

This case confirms once again the frequency of anatomical
variations of the hepatic arteries, and underlines the value of CT
Angiography to detect them in order to best plan any HPB surgery,
where RHA remains an essential anatomical landmark that all
surgeons must keep in mind in order to avoid any unfortunate
incidents.
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ppendix A. Hepatic arterial anatomy in 1000 cases [4]

Type 1: Normal, n = 757
Type 2: Replaced (accessory) LHA from left gastric artery, n = 97
Type 3: Replaced (accessory) RHA from SMA, n = 106
Type 4: Double replaced LHA and RHA (Types 2 & 3), n = 23
Type 5: CHA from SMA, n = 15
Type 6: CHA from the aorta, n = 2
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